This paper has examined the extent and pattern of crop diversification and its impact on farm income across all the districts of Odisha. The determinants of crop diversification have been identified. Using the NSSO data, the study has found three districts, namely Anugul, Jharsuguda, and Balangir, to be highly diversified districts and the average farm income in these districts is significantly higher than in both moderately and least diversified districts. The medium farmers are the most diversified category of farmers in two out of the three highly diversified districts. The marginal farmers are the most diversified category of farmers in one highly diversified district. On the basis of regression analysis, the study has found that SC households in Odisha are less diversified in comparison to other households and higher the extent of irrigated land, lower is the extent of crop diversification.
Introduction
The Government of India, in its annual budget 2016-17, announced to double farmer's income by 2022. The shift of focus from agricultural output and food security to farm income is a welcome step given the low level of absolute as well as growth in farm income (Ranganathan, 2015; Chand et al., 2015) . Now the question is how to double farmer's income? The answer to the question fundamentally lies on improved performance of agriculture in the country. Many studies have found a direct impact of improved agricultural performance (in terms of high growth rate of agriculture sector) on rural incomes (DFID, 2004; Bresciani and Valdes, 2007) . We can expect such a relationship in India given that agriculture contributes significantly to rural income for all farm households in general (with a contribution of 41.4 % to total income) and for the bottom 20 per cent of farm households (nearly 50 %) in particular (Birthal et al., 2014) . There are also evidences in literature which show that increased farm income results from high growth rate in agriculture and it eventually leads to higher poverty reduction (Ligon and Sadoulet, 2008; Montalvo and Ravallion, 2009; Ravallion and Chen, 2007; Kumar et al., 2011; Sharma and Kumar, 2011) .
If high growth in agriculture increases farm income, then the next question is how to increase its growth rate? The sources of agricultural growth may stem from within and/or outside the agricultural sector (Chand et al., 2015) . Factors such as increase in productivity, lower cost of production with efficient use of resources, increase in cropping intensity, diversification towards high-value crops, and diversification towards other allied enterprises like livestock, fishery, sericulture, etc. contribute towards higher agricultural growth from within. Shift towards non-farm enterprises and increase in real prices received by the farmers (better known as favourable terms of trade for agriculture) help in increasing agricultural growth rate from outside. Out of these strategies to increase farm income via higher agricultural growth, the present study focuses on the role of diversification towards high-value crops in increasing farm income.
The relationship between crop diversification and farm income has been analysed for Odisha where agriculture sector provides livelihood to 60 per cent of its population. The contribution of agriculture, forestry, and fisheries to the gross state domestic product (GSDP) has declined to 15.3 per cent in 2016. The percentage of cultivators to total workers in Odisha stood at 23.4 per cent, the percentage of agricultural labourer to total workers was 38.4 per cent, and 61.8 per cent workers are engaged in agricultural activities (Census, 2011) . The state of Odisha is an agrarian state and it was only second, with 32.59 per cent incidence of poverty, to Jharkhand in the list of 14 poorest states in India in -12 (GoO, 2013 . To add to it, 32.1 per cent of its farm households were poor in 2011, which is just lower than Jharkhand where 45.3 per cent of farm households were poor (Chand, 2017) . Crop cultivation in Odihsa is dominated by paddy. The percentage area under paddy to gross cropped area, total area under foodgrains, and total area under cereals stood at 46.23 per cent, 80.64 per cent, and 96 per cent, respectively in 2014 -15 (GoO, 2016 . However, the net returns from paddy are not remunerative even in states where its productivity is higher than Odisha. For example, farmers in Andhra Pradesh (AP), during 1975-76 to 2006-07, had suffered losses from paddy cultivation (Narayanamoorthy, 2013) . So the economy of Odisha is facing the problem of overburdened agriculture which is worsening day by day with falling contribution of its agriculture to GSDP. And the predominant crop paddy is not that remunerative which opens up the scope for crop diversification in the state. Hence, the present study has investigated the impact of crop diversification on farm income across 30 districts in Odisha. The main hypothesis of the study is that 'highly diversified districts have higher farm income than least diversified districts have'.
Data and Methodology
The study has used the data collected by the National Sample Survey Office (NSSO) in its 70 th round on 'Situation Assessment Survey of Agricultural Households'. The 70 th round of NSSO conducted surveys on land and livestock holdings, debt and investment, and situation assessment of agricultural households. It also provides information on the value of output and cost of cultivation. To calculate net reruns from various crops across districts in Odisha, the average cost of cultivation was subtracted from the average gross returns. The average net returns from cultivation in different categories of districts in terms of crop diversification were compared using t-test. The crop diversification was measured using Herfindahl Index (HI) which is given by formula (1).
where, P i is the proportion of area under the i th crop.
And
. And A i is the actual area under i th crop, and Σ n 1 A i is the summation of area under all 'i' crops and i = 1,2,3,….,n.
When the value of HI declines, crop diversification takes place and when value of HI increases, crop concentration takes place. The determinants of diversification in Odisha were investigated through a regression equation, having household diversification index as dependent variable and various explanatory variables, calculated by ordinary least square method (the details of the regression equation are given in Annexure 1).
Results and Discussion

Extent of Diversification and Farm Income across Districts in Odisha
Area under foodgrains and non-foodgrains, crop diversification, and net returns across districts of Odisha are presented in Table 1 highest net returns (` 46809/ha) among all the districts. This district has a significant presence of OBC agricultural households. More than 50 per cent of its agricultural households have BPL cards and the majority have below primary education level. The average age of respondent farmers of this district is also on a higher side at 53 years. The net returns of this district are higher because of low cost of cultivation. The average net returns of farm households in India are ` 77,888/ha (Ranganathan, 2015) . So compared to this figure, the net returns from cultivation in Jharsuguda are lower. Interestingly some districts (such as Kendrapada, Khordha, Nuapada, Rayagada, and Malkangiri) having lowest average net returns also have a significant area under foodgrains and based on their HI values can be termed as districts where there is crop concentration not diversification. Some of the districts where there is high crop concentration are Kendujhar, Mayurbhanj, Baleshwar, Bhadrak, Kendrapada, Cuttack, Jajapur, Nayagarh, Nuapada, and Malakangiri. In all these concentrated districts, HI value is above 0.8 and percentages of foodgrain area are also significantly higher.
Categorization of Districts on the basis of Diversification Index
On the basis of value of diversification index (same as Herfindahl Index), the districts in Odisha can be categorized under three heads, namely, highly diversified, moderately diversified, and least diversified. The districts with HI values below 0.3 are highly diversified, with HI between 0.3 and 0.6 are moderately diversified, and with HI values above 0.6 are least diversified. We can see from Table 2 that highly diversified districts have a cost advantage (with lower average cost of cultivation) and its average gross as well as net returns are also higher in comparison to other two categories. The highly diversified districts contribute 17 per cent to the total value of Odisha agriculture. Similarly, moderately-diversified and leastdiversified districts contribute 44 per cent and 39 per cent to the total value, respectively. The average gross returns as well as average net returns of least diversified districts are higher than those of the moderately diversified districts, but the average cost of cultivation of later is slightly lower than that of the former.
When we attempted to locate the highly and moderately diversified districts in terms of agroclimatic zones, we found that they fall in 7 out of total 10 zones. There are no districts from 3 zones which are either highly or moderately diversified. These agroclimatic zones are North Central Plateau, North Eastern Coastal Plain and South Eastern Ghat. All the rest agroclimatic zones (North Western Plateau, East & South Eastern Coastal Plain, North Eastern Ghat, Eastern Ghat High Land, Western Undulating Zone, Western Central Table Land, and Mid Central Table Land) have at least one district which is either highly or moderately diversified.
The average net returns per hectare of highly diversified, moderately diversified, and least diversified districts are ` 29935, ` 20247, and ` 21972, respectively (Table 2 ). To know whether or not the differences in the average net returns in these three districts are significant, pair-wise comparison with equal variance test was done and the results are presented in Table 3 .
The difference in the mean values of average net returns of moderately diversified and highly diversified is negative ` 9688 and it is statistically significant at 5 per cent level. That means net returns of highly diversified districts are significantly higher than those of moderately diversified districts. Similarly, difference in the mean values of average net returns of least diversified districts and highly diversified districts is negative ` 7963 and it is statistically significant at 5 per cent level. It establishes the fact that highly diversified districts earn higher net returns from crop cultivation than least diversified districts. The difference in the average net reruns from crop cultivation between least and moderately diversified districts, although positive, is not statistically significant. 
Drivers of High Crop Diversification in Anugul, Jharsuguda, and Balangir Districts
The extent of diversification in three highly diversified districts can be linked to the level of development of these districts proxied by per capita income and the low yield of paddy. First, we will take up the factor Per Capita Net district domestic product (NDDP). Based on the data from Odisha Economic Survey, 2014-15 (Annex-2/37), per capita Net Domestic Product (NDP) of Odisha in 2004-05 and 2010-11 stood at ` 17650 and ` 23968, respectively. In district Anugul, the same for these two years was ` 37689 and ` 37569 which is significantly higher than the Odisha average. Second, we will turn to the productivity of paddy and rice. Paddy is the dominant crop in Odisha and its low productivity distracts farmers from its cultivation as it will not be remunerative for the farmers. And the farmers of developed district take this factor into consideration at the time of crop cultivation. Most recent data with regard to productivity of rice and paddy corroborate this point in so far as highly diversified (GoO, 2016-17) . When we compared this figure with the figure of highly diversified districts, we found the yield rate for HYV paddy and rice in all the three highly diversified districts was significantly lower. This is evident from the fact that yield rates (q/ha) for paddy and rice in Anugul are 12.0 and 7.92, in Balangir are 14.29 and 9.43, and in Jharsuguda are 14.25 and 9.96. Hence these two factors, viz. per capita NDDP and low yield of paddy and rice, throw some light on the extent of crop diversification in Anugul, Jharsuguda, and Balangir districts.
Nature and Extents of Crop Diversification across Famers' Categories of Highly Diversified Districts
The questions dealt with in this section are 'Which categories of farmers are more diversified in the highly diversified districts?', and What is the nature of their diversification, i.e. which are the crops towards which they are diversifying? It also presents crop-wise and farmer category-wise analysis of gross returns, total cost, and net returns from crop cultivation. This analysis is focused only on highly diversified districts identified in the previous section (Jharsugudaa, Anugul, and Balangir). Each of these three districts has been studied separately. Farmers (same as agricultural households here) have been divided into five categories on the basis of their operational holding land size, namely submarginal (< 0.5 ha), marginal (0.5-1.0 ha), small (1-2 ha), medium (2-4 ha) and large (> 4 ha) farmers. The cases of district Jharsuguda, Anugul, and Balangir are presented in Tables 4, 5 , and 6, respectively. It is evident from Table 4 that in the district Jharsuguda, sub-marginal farmers operate only on 2.8 per cent of total operational area. So this category of farmers is small in size in terms of their total operational area compared to all other farmers' categories. The share of marginal farmers, small farmers, medium farmers, and large farmers in the total operational area is 21.0 per cent, 23.9 per cent, 23.7 per cent, and 28.7 per cent, respectively. Although the share of large farmers is the largest, those of marginal, small, and medium farmers are also significant. From the values of HI, the medium farmers (with HI of 0.176) are highly diversified, followed by small farmers (HI of 0.181). The least diversified category is of marginal farmers with HI of 0.38. The medium farmers allocate 32.3 per cent of their operational area for paddy and the rest 67.7 per cent to vegetables and oilseeds cultivation. In other words, these farmers are diversifying towards pulses, vegetables and oilseeds. Among vegetables the prominent crops are tomato, radish, brinjal, and onion. The net returns from tomato, radish, brinjal, and onion are ` 44676, ` 47188, ` 41488, and ` 41929, respectively. The returns from these crops are higher than from paddy. Similarly, one pulse preferred by these farmers is moong which gives them a net return of 36681. The main oilseed that is cultivated by these farmers is groundnut which gives them a return of 46402.
The second highly diversified category is of small farmers and they allocate 27.3 per cent of their total operational area to paddy. In this case, diversification is taking place in favour of only vegetables and pulses. The vegetables preferred for cultivation are tomato, other leafy vegetables, cabbage and brinjal. In terms of net returns, among these vegetables, tomato and particularly cabbage yield a high return. Moong is the only pulse that is cultivated by the small farmers.
The medium farmers of Jharsuguda are diversifying towards pulses, vegetables and oilseeds; but its small farmers are diversifying towards vegetables and pulses. The sub-marginal farmers are choosing paddy, tomato, other leafy vegetables, radish and lemon/Acid lime for cultivation. The large farmers cultivate paddy, moong, potato, and onion. And the least diversified category of Jharsuguda allocate 50 per cent of their total operating area for paddy and rest 50 per cent is divided equally between tomato and groundnut. To sum up, the medium and small farmers are more diversified than sub-marginal, marginal, and large farmers in Jharsuguda. Medium farmers are diversifying towards tomato, radish, brinjal, onion, moong, and groundnut. And Small farmers are diversifying towards tomato, other leafy vegetables, cabbage, brinjal, and moong. Table 5 presents the case of district Anugul. The marginal farmers dominate the farmers' category in this district with a share of 70.3 per cent in the total operating area. The next substantial category is of small farmers with a 12.3 per cent share in the total operating area. The shares in total operating area of sub-marginal, medium, and large farmers are 7.4 per cent, 5.2 per cent, and 4.7 per cent, respectively. From the diversification index, it is also evident that marginal farmers are most diversified among all the categories of farmers in Anugul, followed by medium farmers with a HI 0.22. The remaining categories of farmers, namely, sub-marginal, small, and large farmers are not diversifying their crop production. The highly concentrated farmer category is large farmers who cultivate only paddy.
The crop production of sub-marginal farmers is also highly concentrated in paddy, whose cropping share is 99.7 per cent. The small farmers are also not diversified with area under paddy occupying a very high share (80.5 %) of their total cropping area. In the case of most diversified category (that is marginal farmers), the share of area under non-paddy crops is 66.7 per cent. The marginal farmers are diversifying towards vegetables such as brinjal, potato, cabbage, and cauliflower; coarse cereals such as horsegram and maize; and pulses such as urad and tur. In terms of net returns, the vegetables, namely, brinjal, potato, and cauliflower, are most profitable for these marginal farmers. The medium farmers, who are the next most diversified category, allocate 60.7 per cent of their total cropping area to non-paddy crops. These farmers are diversifying their cultivation in favour of vegetables like brinjal, potato, cauliflower, and tomato; and urad and horsegram. Brinjal, cauliflower, and tomato are the most profitable crops for the medium farmers.
To sum up, the marginal and medium farmers are the most diversified crop cultivators in district Anugul. Both these categories of farmers allocate a high share of cropping area to non-paddy crops. The marginal farmers are diversifying their cultivation towards vegetables (brinjal, potato, cabbage, and cauliflower), coarse cereals (horsegram and maize), and pulses (urad and tur). And medium farmers are diversifying towards vegetables (brinjal, potato, cauliflower, and tomato), pulses (urad), and coarse cereal (horsegram).
The extent and nature of crop diversification for the district Balangir is presented in Table 6 . The share in total operational area of the district is largest of marginal farmers (40.7%), followed by small farmers (22.7%), medium farmers (19.8%), large farmers (8.8%), and sub-marginal farmers (7.9%).The most diversified category is medium farmers (with a HI of 0.25), closely followed by marginal and large farmers with each recording a HI of 0.26. The small farmers are moderately diversified with HI of 0.33. Among all categories, sub-marginal farmers are the least diversified in Balangir or to put it more correctly they concentrate their crop cultivation in paddy and cotton. The medium farmers grow paddy in 39.3 per cent of their total cropping area and allocate the rest (60.7%) to other crops. The most prominent among those crops are cotton, urad, moong, tur, other pulses, and groundnut. So unlike other two districts, the medium farmers in Balangir are diversifying towards pulses (urad, moong, tur, other pulses), oilseed (groungnut) and fibre crop (cotton). But, the net returns from these crops are not that significantly high. The marginal farmers allocate 43.5 per cent of their total cropping area for paddy. They are diversifying their cultivation, unlike medium farmers, towards other vegetables and lady finger. They also grow pulses like urad and moong and coarse cereals like horsegram. Among all three highly diversified districts, thelarge farmers of Balangir are more diversified and they are diversifying into fibre crop like cotton; pulses like urad and moong; and cereals like maize and ragi. The moderately diversified small farmers allocate 54.3 per cent of total cropping area to paddy.
Econometric Results
After trying various regression equations, only the results of best equation are presented in Table 7 . The results bring out the determinants of Hefindahl Index (or crop diversification) at all Odisha level. Here, HI of all sample agricultural households was calculated and then regressed on various explanatory variables. Among the social categories, only dummy Scheduled Caste is statistically significant at 5 per cent level. That means in comparison to 'others', the value of HI of schedule caste agricultural households is higher by 0.026223. A higher value of HI of SC households in comparison to others indicates that SC households are less diversified than households who fall in 'Others' category. The other two dummies for ST and OBC were statistically not significant.
The coefficient of irrigated land (IL) was found positive and was statistically significant at 5 per cent level. This shows that there is a positive relationship between irrigated land and HI value. When irrigated land area increases, HI value rises or diversification falls. To be precise for one unit increase (decrease) in the area under irrigation, there is increase (decrease) in HI value by 0.026223. When there is an increase in We can expect this concentration to be guided by paddy as it is the dominating crop in Odisha and it is waterintensive. This means that farmers use irrigation more for cultivation of paddy. They do not use the scarce resource for a crop that can increase their income as the net returns from paddy in almost all the districts are not that high. So here lies an opportunity for the government to persuade farmers to use irrigation for more high-value crops.
The HI value of the households whose PIS is wage/ salaried employment is higher by 0.02595 and is statistically significant at 1 per cent level. This means that the households whose PIS is wage/salaried employment are less diversified than households whose PIS is not wage/salaried employment. Any household whose PIS is wage/salaried employment is likely to devote less time for cultivation and therefore, may choose a crop which is less time-consuming. And the crop thus selected is repeated time and again and hence there is concentration not diversification. Other PIS, namely, non-agricultural activity is not statistically significant. There is a negative relationship between HI value and MGNREGA card holders. The households having MGNREGA card, have a lower HI value than those households who do not have MGNREGA card. The HI value for the former is lower by 0.161748 than of the latter. MGNREGA card holders are more diversified than the non-holders. This can be explained as the one who has card earns that extra income which is used for diversification of crops. However, due to the small scale of income earned through MGNREGA, the diversification that results will not be cash crop led diversification but distress diversification.
In comparison to illiterates, farmers who are primary educated or educated up to high school have depicted a higher HI value. In the case of primary level educated farmers, HI is higher by 0.231268 and it is statistically significant at 5 per cent level. And in case of up to high school level educated farmers, HI is higher by 0.0224137 and it is statistically significant. So in comparison to illiterate farmers, the above two levels of educated farmers are less diversified and among them primary level educated farmers are least diversified. So education leads to concentration up to primary and up to high school results in concentration of crop cultivation.
The coefficient of agricultural training (dummy AT) is negative and statistically significant. That means those farmers who have agricultural training have a lower HI in comparison to those farmers who do not have any agricultural training. Hence, an agriculturally trained farmer is more diversified than an untrained farmer. So agricultural training leads to crop diversification. To promote diversification in crop sector, government can focus on providing training to farmers.
The only statistically significant variable under loans from different sources is loans from employer (Dummy LEMP). In comparison to loans from the public sources and cooperative societies, the farmers who take loan from their employer, have shown a higher HI value, higher by 0.045418. This means that farmers taking loan from employer are less diversified than the farmers taking loan from government and cooperative societies.
The last variable that is significant is advisory services of extension agents (Dummy AEA). The coefficient of the variable is negative and statistically significant at 1 per cent level. The value of HI of those farmers who got advice from the extension agents, was lower by 0.049204 than of those farmers who did not get advice of extension agents. So advice of extension agents results to crop diversification.
All other explanatory variables of Model-1 are not statistically significant and hence not discussed. The results of Model-1 can be summarized as follows. At all Odisha level, variables like SC, irrigated land, wage/ salaried employment as PIS, primary level education, and up to high school level education are positively related to value of Diversification Index. With the increase (decrease) of these variables, the extent of crop diversification falls (rises). However, variables like MGNREGA card, agricultural training, and advice of extension agents are negatively linked with the value of diversification index. With the increase (decrease) in these variables, the extent of crop diversification rises (falls). From the results of model-2, it is clear that ST households in Odisha are more diversified than the base category 'others'. The coefficient of dummy ST came out to be negative and statistically significant at 5 per cent level. One other revealing result is that the HI value of the households aware about MSP is higher by 0.014105 than those not aware about MSP. The coefficient of dummy MSP is statistically significant at 5 per cent level. This means that the extent of crop diversification is lower in the case of households who are aware about MSP. Other significant variables of model-2 are dummy SC, dummy SPIS, dummy MGNREGA, dummy PEDU, dummy HSEDU, dummy AT, dummy LEMP, and dummy AEA. diversified and least diversified districts. Moreover, in the district, Jharsuguda, the medium farmers are most diversified, followed by small and sub-marginal farmers. The marginal farmers in Jharsuguda are the least diversified. In the district Anugul, most diversified are marginal farmers, followed by medium farmers and small farmers. The sub-marginal farmers and large farmers are least diversified in Anugul. In district Balangir, medium farmers are most diversified, followed by marginal farmers, large farmers, and small farmers. The sub-marginal farmers in district Balangir are least diversified. The SC households in Odisha are less diversified in comparison to other households. Irrigated lands in Odisha are mostly used for paddy cultivation and hence higher the extent of irrigated land, lower is the extent of crop diversification. The salary as principal source of income, loan from employer, primary education, and secondary education are positively related to the HI value. MGNREGA card holding, agricultural training, and advice of extension agents promote diversification at all-Odisha level.
